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REPORT NO. 112.

CONTROL IN CIRCLING FLIGHT.

By F. E. NOBTON and E. T. ALLEN.

SUMMARY.

This in-restigation was undertaken by the National AdvisOry Committee for Aeronautics
at the Langley Memorial Aeronautical Laboratory for the purpose of developing instruments
that would record the forces and positions of all three controls, and to obtain data on the be-
havior of an airplane in turns. All the work was done on a standard rigged JN4H (machine
No. 2 of N. A. C. A., Report No. 70). lt was found that the machine was longitudinally unstable
and nose heavy; that it was laterally unstable, probably due to too little dihedml; and that it
was directionally i.metable, due to insufficient h tires, this last being very serious, for in case of a
loss of rudder control the machine immediately whips into a spin from which there is no -way of
getting it out. CJn the other hand, it was found possible to fly quite satisfactorily with tie
rudder locked, and safely, though not so well, with the ailerons locked. The value of Y, was
obtained in free flight, and when the effect of the propeller was subtracted, the agreement with
the model test was excellent, but with the propeller revolving at 1350 the value of Y. was nearly
doubled. The value of L, and N. were little tiected by the slipstream, but their values do not
agree with the model test.

GENERAL STABIIJTY AND CON’ITtOI+IABIIJTY.

It has been attempted to present this report from the standpoint of the @eer and piIot
as well as from that of the physicist, for the more time that is spent on practical stability, the less
import ant seems the theory of small oscillations as compared with the other phqses of the prob-
lem. When one of the most used and well liked training planes is normally unbalanced and
statically unstable with free controIs in every particular, it w“onld seem that the dynamical
stability is at present of secondary importance. There are, of course, airpkmes that are much
more stable than the machine used in these tests, but the point that should be emphasized is
that, generally speak@, a pilot does not know A stable from an unstable mach@e, and if the
forces on the controls are end he is just as well satisfied with the unstable one as with the ot.lwr.
It seems to be the general imprassicui among nonflyers that piloting an unstable plane is analogous
to waking a tight rope, requiriig constant viggance and great dexterity, but the beginner
learns to fly as quickly in an unstable macMne as in a stable one. It is not intended to give the
impression that stability is of no value, for this is cert airily not the case; for a machine stable
with free controls could be brought down safely if a control wire broke and it would be less
tiring to the pilot in long flights.

The subject of stability and control is still in a very confused state for the reason that little
has been done to bring together the work of mathematicians and physicists on one hand and engi-
neers and pilots on the other. The former class is apt to theorize on conditions that do
not actually exist in fli=@t and the latter ha~e no definite mems of exprwing control or sta-
bility quantitatively. Howev&, the subject of stability and controllability may be logically
divided into four parts.

The &at is bakmce, that is, there should be no force on the controls when in the normal
flying condition, for without the M.61ment of this requirement st&biIity would have no signifi-
cance. For example, a machime may be nose heavy and if left to itself dive under onto its back,
yet if the pull on the stick mre. balanced by a spring the machine might be stable. This condi-
tion of course applies only to free controls.

The second division is what is commonly CSJM static stability, and is premnt if fore= are
produced when the machine is displaced from its equilibrium position, which t+md to return it
b that position. This applies both with free and locked controls.
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The third part is what is called dynamic stability, and can have significance OdY when the

machine iE in balance and is statically stable. A machine is said to be dynamically stable when
any oscillation set up tends to damp out. This condition is easy to observe on almost any air-
phme by locking the elevators in the machine’s stable region, which can be found by trial. If . —-.
the throttle is closed for an instant until the nose starts to drop, and then opened to its former
setting, the nose will soon rise, overshooting the equilibrium angle, and will continue to rise
and fall reg~arly with a period of from 15 to 30 seconds. If stable, the amplitude of’ these
oscillations will decrease; if unstable, they wiIl increase. The same thing can be observed when
making banked turns, but the st~bility characteristics are diflerent under these conditions.
Oscillations in rolI and yaw are more dficult to observe, probably because a sufficient degree
of static lateral stabfity has not been obtained. It maybe said in genertd that dynamic stability
is of the least importance compared with the other divisions of the subject, for if the machine is
not statically stable it b no meaning, and if the machine is made statically stable it is prac-
tically always also dynamically stable. —

The fourth part is lightness of control, especially in acrobatics; that is, a small force on,
and a small movement of the controls should be required to produce large angular accelera-
tions. Lightness of control is intimately connected with static stabiIity, especially as regards
longitudinal motions. There has been no satisfactory method of measuring this quaIity and
its degree haa been determined heretofore by the statements of pflots. By using three syn-
chronized instruments recording respectively the coritml forc~, the control positions, and the
nngular attitude of the machine, it shouId be possible to obtain a definite-measure of c&trol-
ability. This is a primary aim of the National Advisqr~ Committee for Aeronautic in study-
ing the subject.

APPARATUSAND METHODS.

The generhl method of recording the forces’ on the controls is shown in figure 1, An auxiliary
rudder bar is connected to the regular bar by special springs (22), The rudder wires (24) me
connected to this secondary bar, so that the relative movement between the two bars is a meas-
ure of the force applied. In the same way the reIative motion between the handle and the
top of the control column will measure the elevator and aileron forces. These forces can ba
read directly on the rudder scale (21) and the aileron and elevator scale (19), but in most cams
the forces were transmitted to.the recording instrument (23) ~ In figure 2 is shown a deta!l
view of the control head. The upper part with the handle is connected to the loTver collar
through the cantilever springs (18) and the relative.. motion is transmitted by the two belI
cranks (1Gand 17) mutually at right angles to the wires (2o) tinning to tlie recording instrument.
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Figure 3 shows the interior of the instrument for recording the control forces; (6) is an
electric motor to give a conat ant speed, but the governor in this case was removed, as the speed
was of no importance in this work: (7) is a light holder, containing a-special flash-ligh~ bulb
and an adjustable prism to reilect the beam through the lens (9) onto the three mirrors (8)
from which it is rellected to the photographic tllm. k or&r to distinguish between the three
records a sectored disk (10) driven from the lower shaft by a belt (15) revolves slowly before
the mirrors, making dotted lines on two of the records. The drum for holding the fdm is shown
in figures 5 and 6 and is constructed like a p~ate holder, so that the shutter (25) is automati-
cally opened by the pin (14) when the drum is placed on the instrument. At the same time

, FIG.6.—F!IIIIdrumholder.
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FIG.3.-InSrument fcureceding fm. .
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the clutch (12) is -aged to rotate the drum. The iilm is held on the inner drum (fig06J by
the rollers (27) and ~h~ amount the ,drum has turned can be seen on the diaI (2S] t~ough ~
red glass tidow. The underside of the instrument is shown in figure 7 with the bottom cover .
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plat~ removed; (3] is the lower part of the motor fr~e, (2) is the drive shaft, (1) is the gear —

for rotating the film drum, and (4) are the springs to take up any backlash in trwsmission.
-

An identical instrument is being constructed to record the position of the controls, but
as it could not be completed in time for these tests the scales shown in figure 3 were used agd
~ere read by the observer. The movement was transmitted from the control by throttle
wire and a spring w-as placed in the system to take up the backlash. Each scale was carefully

—

cahbrated after it -was in place.
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FIG.7.-Underside of forcermrdez.

. ,

FIG.&-S-Wer forindfcatfngthe parltfonofthe WIMIQl&
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The air speed was determined by the usual pitohventuri instrument, rm~~the error in bunk

hy an especially sensitive bubble inclinometer. It was fit tempted to metisuro the yaw by tlw _.
British type of yawmeter using slack diaphragm_ (fig: 9). This instrument, however, was
found very unreliable, the scale being crowded together on one. side of, the zero .nnd very open
on the other and the readings varying with the speed of the airplane. The method finally
tidopted ccmsiste of a simp~e U tube half filled with alcohol gnd the free ends cormcctcd to ~ho
sides of a yaw head. In addition to this a graduate&me. pivoted on a vertictil axis was ploced
low down and ahead of the wings at the inner strut so that it .couhi be read by the pilot. The ““
method of procedure consisted in flying at the desired speed and yaw by means of the vtino

.-

ancl then setting a movable pointer at the level of the Jiquid in the U tube and using this to
fly by, Althouih this meth;d seems a little indirect, it gave very satisfactory rcsul~.

Sco/e,ofbc@ over cowhb)’h fmt @pi’o/ h deferm ne
a7g/e ofbffnk. F;i#O.

YAWMETER

The angle of bank was determined by .a movable pointer on the cowling just asbwu of
motor, that could .be spt to any angle by a graduated circle (fig. 10).

thu

The center of gravity of the m~chine W= about 38 per cent back on the mean wing chord
and was ke~t in one rdace by the addition of lead when a khter observer went UP.

A reco~d of con~ol forc~s obtained in turns is..showu in~fig~e 11, and it is e~idc@ ih~t
the records are quite &stinguiah&ble in this h. Jn figure 12 iS shown a typical record-if
control forces in yaw, and in figure 13 a record of m.short flight. In the latter record, as the
air w% quite bumpy, the illumination was not suffic@t ta give ‘clem records. On this imtr&
ment only two dry cells were used on a 4-volt lamp, while to get the same illumination in the
accelerometer four. cells were .newxreqry with ttis lamp. This is due to the shorter focal length

r of the lens and the larger mirrors in the. force. recmder.
The force recorded was calibrated by applying “kown-forces “on the stick and rudder bar

by a pulley and weights, at the same time mating w record on the film. me errors duc to k
movement of the controls were studied as”well as t~p ,effect of one control acting on another,
but in no case was the error greater than 1 pound, which was considered as close as any one set
of readings could be duplicated. The angle. scales were in some cases calibrated with various
loads on the control surfaces, and in a few cases it was found necessary to make a small correction
for deflection, so that tho angle readings may b? relied on to within one-half of a degree. . .



FIG.11.-Cuntrol forcesfns tutu to the Ieft”andto the @At.

FIG.lZ.-CrmtrGIfmmsin YaW.
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MOTION 1P? CIRC.LINGl?HGm.

If m is the mass of the mrichine in sdugs (weight in pounds divided by g or 32.2), d the ,angie
of bank from the horizontal, and” F’ the centripetal force, -we have:

F=mg tan &’T& -
1?

or r, the radius of _the circle = —
gtandl

-.. ...+

of V is the air sp.eaci in ft ,/sec. -—

R, the resultant force acting normal to the wing chord will be equal to ~~~gdas shown in figure

14, and the ratio of ~ to R is given by & , which is the acceleration experienced in a turn.

In figure 15 is plotted this acceleration against qngle of bank, as the acceleration should not
vary with the air speed, so long ‘as there is no skidding or si&3-fipping. lk figure 1(3 are plotted
the angle of attack of the airplane when flying at various speeds and banks taken from the full
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flight lift curves (tie lift coefficient being computed from the known speed and load on the
wings), and in figure 17 are plotted the theoretical radius of circles and the actual radii as
obtained by taking the time for a co~plete c~cle. ~ is regretted that a camera obscura was
not available ta measure this distance accurately, but the rekults obtained check fairly well,
and the discrepancy is probably due to the fact that the calibration of the air speed head k
affected in banks. In all cases a true buk vvqs held by means of the bubble inclinometer.

In a turn the otiter wing has “a higher velocity than the inner one, and its lift is therefore
greater, producing a rolling moment which must be h.lancecl by the moment of the ailerons.
The outer wing will also have the higher resistance, and the r~ultmt yawing moment is balanced
by the rudder a?d in part, except at very small angles of attack, by the ailerons.

The distance LSof the center of lift from the plane of symmetry (fig. 14) may be determined
by an integration of the air forces.1 h the ~elocity along the wing is proportional to its distance
..—. .. .. . . . . -. . . . . . ...—-...—. ..&_ ._

1Emu, l%ohnlsoheBorloht6Bsnd III Heft 7.

-.
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z from point O in the axis of the turn, and the lift at any point is proportional ta W, introducing

!7=* (see fig. 14), we have
.

where i is the half span,
which gives

Hence, substituting for g its value,

q+s q+a

(q -1-8)Jl%x=J$ax
q-a q-a

~ .3*2

~= 2Tazsin@
3#+azsinz@

as az is usualIy small compared with # the question reduces to:

The rolling moment is RS, where R is the total norinal force on the wings. For turns at constan i
altitude and correct bank,

R= Wsec. @
~ R~=~a~Ktan@

3r

Eliminating r and @in turn by introducing the speed of tl.ight,

The moment Rs must equal the aiIeron moment, and as this increases as the square of the
span, it is evident that machines having large spans must have relatively mope powerful ailerons
for the same angles of bank tham small machines. II it is assumed that the force exert~d by the
ailerons is proportional to their angle from the mean position this should then be inversely
proportional to the square of the radius of the turn if the speed remains constant.. An exami-
nation of the experimental curvas shows that this is true for turns of large enough radius for
the a2 term to be negIeoted.

The wing drag may be integrated in the same way as the lift, but as the greater part of
the totaI drag is structural and aileron resistance, little would be gained, as the structural
resistance will vary with ditlerent machines. It may be stated, however, that the decreased
drqg of the inner wing is almost balanced by the greater aileron resisttmce on that side, leaving
very little for the rudder to balance, as evidenced by the fact that turns may be made with the
rudder locked in neutraI and with Iittle or no side-slipping or s~dding.

ivolw3NcLATTJRE.

Throughout this report the following terms and signs wiII be used. All directions are
taken from the viewpoint of the pilot. It should be noticed that No. 5 is the reverse of that
previously used, being changed for consistency.

1. ‘In right, or-~ositi% roll, the left W%Wis raised.
9-.

3.
4.
5.
6.

. ~.

s.

In r~h~ or ~ositive yaw, the wind S- the pilot’s left cheek.
Aileron is positive when the trailing edge of the left aileron is down.
Rudder is positive when the trailing edge moves to the right.
Elevator is positive when the hailing edge is pulled up.
Aileron force is positive when force on the stick tends to give right aileron.
Rudder force is positive when the push is with right foot.
E1evator force is positive when the stick-is pulled toward the pilot.
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The forces on the controls are given in all the curves, and if it is desired to fhd the moments
about the control surfau hinges, the following conversion factors must be used:

1. Subtract 8* pounds (the static w-eight) from the stick force and multiply by 23.8 to
obtain moments in inch pounds.

2. Multiply stick forca by 56.o to get aileron moments in iuch pounds (sum of both
ailerons) . .

3. Wltiply rudder force by 10.5 to get ‘rnomegts in inch pounde, --

CONTROL POSITIONS lN TRUll BANKS.

Before this work -was commenced it was thought that here might be a considerable range
of rudder and aileron position that would give equ~ flight properties to the airplane. ” While

- this was found to be true when flying without a later~ inclinometer in seemingly perfect banks,
yet if the inclinometer. was held exactly in the center the positions of th~ controls were uniquely
determined. Due to the great difficulty in flying the machine at the correct bank and air speed
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at the same time th@ the readings were taken, it was fo~d necessary to repeat each run several
times. As the variation in control position is very slight, in many cases km than the tiror in
reading, the points do not lie. smoothly on a curve, but in all caws the curves obtuined should
be accurate to one degree. k order to investigate the efTect of the slip stream, runs were made
at 1,350 r. p.m. and 600 r. p. m., and the similarity fi” shape between the two sets is a check on
the accuracy of the results.

The elevator is pulled back in any turn to keep the same flight speed, for the angle of attack
is increased due to the greater apparent weight of tie machine? and this must be balanced as in
level flight by raising the elevator (figs. 18 and 19). ~~k curvw are nearly symmetrical about
zero at 600 r, p. m., but at 1,350 r. p. m. more elevator is required in right banks than in Ieft.
The longitudinal, tied control stabfity does not, however, seem to be otherwise affected, M the
curves are very nearly parallel.
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The aiIeron position curves (figs. 20 and 21) are nearly straight lines passing through zero
angle at zero bank, and their slope increases inversely as the air speed; that is, the higher speeda
require the smsller angles. The most important feature, however, is that opposite aileron is
used to hold the bank from increasing; that is, the machine is lateralIy unstable with the fied
controls.
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Therudder position curves (figs. 22and 23) indicate directional stability wit.h fixed rudder
for srndl angles of bank. At high banks, espeyirdly right bank with the throttle opm, the
curves fall off rapid~y as the rudder acts more and more as an elevator. The rudder is normdIy
held 3~0 right in order to balance the slip stream and propeller torque,
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CONTROL FORCES IN TRUE BANKS.
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The elevator force curves are nearly symmetrical “iindshow increasing vaIues with the angle
of bank, as would be expected in view of the higher acceleration acting on the elevator (figs.
24 and 25). In the same -way as with fixed controls the stability characteristics seem to bo
unaltered with free controls in any bank,
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The @eron force curves (figg. 26 and 27) me similar to the corresponding position curves
and indicate instabihty, but the slope of the curves increase es the air speed decreases.

The rudder force is norndly of considerable ma=titude in level tlight at 1,350 r. p. m.
(@. 28) and increases with the air speed, but rather strangely .falls off as the bank is increased
either way. The force curves for 600 r. p. m. (fig. 29) are skr@r in shape, but cross at 30 Ieft
bank, and all the forces are of considerably less magnitude than with the motor. on.
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CONTROL P05ZlZONS IN YAW.

In figure 30 are plotted the eIevator angles for various degrew of yaw at 1,350 r. p. m.
-.

The curves are neaxly parallel, showing that the longitudinal stability with tied controls ia not #“a-

ffected by the angle of yaw. For w@= of yaw up to 5° the stick is pushed forward ~mhtly
-
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to bahmc-e the machine, but at larger angles it is pulled back because the slipstream is deflected
away from the tail. At 600 r. p. m., however (fig. 31), as there is no slipstream, the Stick k
pushed fo~ward about proportionally to the angle of yaw, but tit 80 m. h. p. the curves falls .
off at 20° yaw.

The curves of aileron angles against yaw are plotted in figures 32 and 33, and in general tho
aileron angle is proportional to the angle of yaw and inversely proportional to the air speed.
At 600 r. p, m. thera h a reversal of slope for the slow speeds d small angks of yaw,
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The curves of rudder wition (fire. 34 md 35) show that the rudder must be ke~t over
to hold the yaw, am-l the h“ speed h~ ~ery fitdle effect on this a@e. On comparing the’rudder
with the ailerons it will be seen that the controls are crossed, es wonId be expected in a side slip.

CONTROL FORCES IN YAW.

The elevator forces (iigs. 36 and 37) decrease with the angle of yaw up to about 10°, at which
point they rapidly increase due to the tail coming out of the slipstream. In gened the longi-
tudinal stability with free controls is umdlected by yawing.

The aileron force curves are shown in iigures 38 and 39 and indicate a positive slope at low
speeds and small angke of yaw, especially with open t.hrott.b, but at large angles of yaw the
slope is aIways negative~ that is, right force is used to hold right yaw.
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The rudder forces (figs, 40 and 41) are quite large at larga angles of yaw, but what is most
noticeable is the steep positive slope of the curves, indicating considerable directional instability
a fact that will be discussed later. Most of the curves, however, have a small portion of nega-
tive slope at zero yaw, showing that at this angle there is a small stable region.

ACIXJALFLIGHT WITH FREE M+JDLOCKED CONTROLS.

Several flights were made to determine Ithe b@avior of the rrqichine with locked and
free controls. As shown in FJajional Advisory Committee for Aeronautics Report No. 70,
the region of longitudinal stability k cordned to a myall range from about 45 to 50 m.p.h. with
locked. elevator, so that it was necessary to conduct most of tie work at this low speed,
whereas the latertd stability would have been better at higher speeds. .

With the elevators and aiIerons locked the machine could be flown quite easil with the
rudder, and gentle turns were successfully niade. i?It was impossible, however, to y for more
than half a minute with W three controls locked, as a bump would send one wing tip down, a
side slip ensuing that would not correct itself. The departure of this machine with locked con-
troIs from stability is, however, not very large.

It was found possible to fly not only safely but quite satisfactcmily with the rudder locked.
Turns could be made up to 80° banks smoothly, and with only a slight amount of side slip in
coming out. The control seemed much bettm with the throttle open than when closed. With
the ailerons locked the machine could be controlled md bafi SUCCSS~UJIYmade, but-in ~ming
out of the bank the aide slip was excessive and a good deaI of altitude must be lost before an
even keel is reached. In this case the control is beth with closed throttle.

In any flight condition, except rapid gIiding flight, if the rudder was released the machine
would begin to yaw and would soon whip into a very rapid spin from which there seems to be no . -”
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way of extricating it without the use of the rudder, so that any loss of rudder ccntrol -would
be an extremely serious matter. This dangerous festure could easily be remedied by the addi-
tion of a dightly larger fin. This emphasizes the fact that wind-tunnel tests for stabdity with
free controls should be made with the movable surfaces removed or freely hinged. It was also
noticed that the 0. G. position had a marked effect on the directional stability with free con-
trols, a smalI shift forward of its normal position making the machine almost completely direc-
tionally stable.
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THE FREE FLIGHT DEJ!ERMINA’HONOF LATERAL DERIVA17311M. . —
-.

For the computation of the stability charactAstics of an airplane it is necessary to obtain
experimental values of the resistmce derivatives, which, are 18 in number for a symmetrical
airplane. The vahwe of these derivatives are usually determined from the results of wind-
tunnel te.sk h the mind-tunnel teds do not, however, take into account the eflect of the
slipstream, and as the scale correction necessary to apply to the mcdeI results is unknown, it
will be of great value to compute tlm resistan~e derivatives from data obtained in free flight. ~
Unfortunately, it is quite diffictit to determine all of the derivatives in this manner, and only n
few can be obtained directly. It was one of the objects of this invdgation to determine the
value 01 Ys, the lateral force, .L, Lhe roll@ moment, and .V,, the yam@ moment, due to
slide slipping, in free flight.

The method employed to determine 1“, consisted in tiding the lateral acceleration experi-
enced in various side slips and at different air. speeds, and from this, the curve of lateral force
against angle of yaw is plotted, and from the slope of this curve 17, is computed. The lateral
acceleration was determined from the readings of a bubble idinometer, for in level flight the
lateral acceleration is given by:

a=g tana
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where g is the acceleration of gravity and a is the angle read on the inclinometer. :-

.—.

800

600

.400

m

0

2m

4m

6W

8LM ~e
/5” /0” 5- 0° 5“ A?” /5- 50”

I
I

-

~ 400 — x 1/

, k

[1
‘m -.?0” -X5” +W

I I I I I I I Ill I
-se 0“ 5= 10” /5”

F/g, 43
20 “

R#f - @lQ Of VOW - L efi!

.—

.-_—
fq. 42. Rqbf - Ag/e of Yow – Lefl —

If the machine.haa an angle of bank d, g will etidently be replaced by the rtsultant normal ‘
acceleration, R. Alsoj when the machine has an angle of pitch of 8, the term cos 0 must be
introduced into the equation, so that it miU then be: .-

-.

.-.
.—

..—AS all the tests were made with the angle of bank at zero, and s@ce the hgitdinal m@e in
no case was enough to introduce any appreciab~e error, the simplified equation may be used.
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There is one othei correction, the deviation frmn the true reading when the air speed hetid is
yawed. This correction was determined by a wind tunnel teat of the instrument, and was found
tcrbe negligibly smaI1. .
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In figure 42 are shown the curves obtained at 1,350 r. p. m. by ploMing the lateral force in
pounds, agtist angle of yaw, for dillerent air speeds. h figure 43 is plotted the samo thing at
600”r. p. m. It will be noticed that the lateral force is considerably smaller, being rcducccl by
about 25 per cent. -It might be thought that this difbrence was due ta the fin effect of the pro-
peller, but as will be shown later, this is not nearly enough to account for the difference. Tho
discrepmcy can only be accounted for, then, by the effect of the slipstream on the body, fin, and
rudder.

It is desirable to ‘determine Y, without the effect of the propelIer for comparison with
model tests. This might be done by stopping the propeller in the air, but M it could not bd
stopped in the same position every time, it would lead to considerable errors. As the lateral
force on a propelIercm be gomputed very closely from tests run by the N. P. L., it was thought
that the bed results wouId be obtained by running the airscrew at approximately the speed of
no thrust, and then subtracting its lateral force from the total of the whole machine. These
corrected curves are shown in figure 44,

The derivative Yv is equal to:

57.3
Ks

where U is the forward velocity in ft./see.
m is the mass of the machine in slugs.
S is the slope of the lateral force curve in lbs./degree.

The values of I’v as ●determined from the minm slope of the force curvm are shown in
figure 45, together with the curve obtained for the iLNz model,’ showing a remarkably close
agreement between the model and the fall-sized mactie with the propeller effect subtracted.
The values of Y, at 1,35o r. p. m. are, however, quite different, being nearly twice as large, and
the slope of the curve is in the opposite direction. p these results give one greater confi-
dence in the model tests for strictly comparable conchtlons, at the same time they emphasize
the fact that alI models should be tested with a revolving propeller to give actual slipstream
effects, as the error introduced into stability calculations by neglecting the slipstream may
be very large. . .—.

3Dm@l stablIfty-Hunmker.
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The determination of L, was accomplished by applying to the wing tips weights which
were balanced by a certain mo~ement of the ailerons. In this way it was possible to determine
what angular setting of the ailerons corresponded to a given rolling moment and from these
dues the rolling moment produced in various degreea of yaw could be determined from the
cn-igimd curves shown in @res 32 end 33. h it would ha~e been quite impossible to take
off or hmd the machine with the large unbalanced weights on the wing tips it -was necessary to
tipply equal weights on the wings and when in the air to release one of the weights so that the
unhalanced force would remain.. This was accomplished by placing OK each wing tip a box
with a hinged bottom containing sand so that the sand could be rdeased from the cockpit, as
shown in figure 46. Each one of the boxes was capable of holding 150 pounds and the machine
was taken off with both boxes fiIled with a known weight of sand, and when ready to begin the
test one box was emptied. When the test was completed the other box was emptied so that a
landing could be made with no load in the boxes. C’urvea of rolling moment against aileron
tingle are shown in figure 47, and it will be seen that the laterrd control on this machine is very
powerful as an unbd.anced load of 150 pounds on one wing tip cin be easily supported, and
this is all the more remarkable as this is a machine with” ailerons only in the upper wing. The
value of Ly is determined by the following formula:
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the symbols hawing the same meaning as before.

FK+.#J.-Method of spplying a knownMMg momentt; the nioehbe.
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In figure 4S them are plotted the tunes for .LVwith tho motor on and the motur ofl and it
will be seen that although the Cmw me quite co~tent h Shapej there is a slight di@erenco
between them, that is, the value with the mo~r on-is slightlylarger than t valu~ With the

kmotor off, but when comparkg thwe ~R]ueS with the Cme obttiinecl from th’ ~.”odel it will h?

seen that the ftil flight values are much lower than the latter, especially at the lower speedp.
It is an interesting fact, however, that the Cmes from the full-sized test and from the mode~
test seem h approach each other at the higher speeds ~d this can be explained by the fact
that the ailerons at the high speedson t~ ffl.s~ed ~achine “are nearly at zaro degrees, so that
it approaches more and more the condition ~ which the mod~ was ~ted, and it k believed
that the discrepancy betwem the two t~ti iS dUe to the fact that in the model ailerons were

aIwaYs’ kept at zero degreas, whereas, they should hive been rotated to different angles for
each angle of incidence of the machine. —

.,.
● ma. 4P,-bfethti ofapplylngs Imowridragto thewingtip by meansofs smdlpsrachuta

.
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The determination of iv. was accomplished by releasing small paradmt= from one wing
tip and measuring the pull of the parachute. through a string which connected it to a spring
scale in the cockpit, as shown in @e 49. In this way the moment for one degree change in

rudder angle can be easily found and by using this constant the curve of rudder angle for variow
m@es of yaw can easily be converted into yatig moment. The curvw of yawing moment
agains~ rudder an@ are shown in figures 50 and 51 ~ each point reprinting the average of a
large number of readings. The forces with the smalI parachute were so small that the accuracy

fig. .50 Yuw;ngMomenf fn ft Ibs.

.

of these readings is not great. ~, is found in the same way as IJ from the sdope of the rudder
position curv~ and the values obtained are plotted in figure 52. -It is evident that the throttle
setting makee very little difference with the value of IV,”and that the values do not agree -i-cry
closely -with the model results, as the full scale results have a somewhat lower value than those
of the model

It should be realized when comparing these full flight stability derivatives with those from
the model tests that the values obtained in full flight on account of the inherent errors in such
testing can not be depended upon to better than 15 per cent and on the other hand the model
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teat W;= made on a ‘JN2 model, which is
values of these stability derivatives shouId

somewhat different from the JN4H, although
not be appreciably affected by this diilerence.
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CONCLUSIONS.

The longitudinal stability is but little aflected by either btmk or side slip, alth@~ .thc
forces and positione of the elevator may change to a. considerable extent. In any bank tho
machine tends t.o increase its bank unless restrained.lwth by force and by position of tJINfiil~rons.
In a side slip the “machine wilI continue to increase the angle of yaw unless rcstrainod by Lhc “
rudder. It is recommended that the lateral dihedral be increnscd, and that moro fin surfticc
be added, in which case tho machine would probably bc laterally shd.ic at lmst through a smfill
range about its symmetrical position. Also tho leacijng edge of the iin should bc moved to the
left and a balanced portion added to the top of the rudder in order to ucutralizc th constant
force on the rudckm bar. The value. of. Y, is gretit.ly altered by- the slipstream, so tlul~ tJle
results from model tests can only be applied to gliding flight. The value of L, is quik~ dWcrcnL
at low speed from the model value, but agreement is appronchcd at high speed. iV~ is only
slightly affected by the engine speed, and is not in close agreement with the model.


